Introduction {#sec1-1}
============

Valproic acid is a broad-spectrum antiepileptic drug which is commonly used to treat many childhood epilepsies. It is a known enzyme inhibitor and may affect hepatic function. Valproate adversely affects the bone, lipid, and gonadal steroid metabolism. The mechanisms responsible for the lipid abnormalities observed on valproate treatment remain unclear. Although many studies have described the lipid abnormalities in children on valproate,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] the results are conflicting with regard to the variable trends observed in the lipid parameters. The lipid abnormalities with phenytoin have been described infrequently.\[[@ref11][@ref12]\]

This study aimed to describe the parameters of the metabolic syndrome observed in Indian children with epilepsy on valproate monotherapy and to compare them with those observed in children on phenytoin monotherapy.

Methods {#sec1-2}
=======

This cross-sectional study recruited children from the Pediatric Epilepsy Clinic of a Tertiary Care Pediatric Hospital in North India from March 2012 to September 2012. All consecutive children diagnosed with Epilepsy as per International League Against Epilepsy definition\[[@ref13][@ref14]\] aged 3--18 years on valproate or phenytoin monotherapy for at least 6 months were enrolled. The children who were on drugs which may alter the lipid profile or blood glucose such as steroids, insulin, and statins; children having thyroid disorder or other endocrinopathies, chronic liver, heart or renal disease, progressive neurological or psychiatric illness and those whose guardians refused consent were excluded. The ethical approval was taken from the Institute\'s Ethics Committee.

The study population was divided into two groups: Group I-children on valproate monotherapy and Group II-children on phenytoin monotherapy.

After obtaining the written and informed consent from the guardian of the children, a clinical evaluation was performed as per a predesigned proforma. The information on the age, sex, type of seizures, duration of the antiepileptic drug monotherapy, and dose of the antiepileptic drug was collected followed by a detailed systemic examination.

Anthropometric data were obtained for each child. Standing height (cm) was measured to the nearest 0.1 cm with a standard calibrated stadiometer, and the body weight (kg) was noted on a standard weighing scale to the nearest 0.1 kg with children dressed in minimal clothing. The body mass index (BMI) was calculated as weight (kg) divided by the square of the height (m). The waist circumference was noted midway between the pubic symphysis and the xiphisternum using a measuring tape for each child. Obesity was defined as BMI \>95^th^ percentile for age and sex according to the standard WHO growth charts or waist circumference ≥90^th^ percentile for age and gender.\[[@ref15]\] The blood pressure was obtained from the right arm using an appropriate size cuff with the child in sitting position and three readings were taken to avoid error. They were then averaged. The age-, sex-, and height-specific percentile for BP were calculated according to WHO reference data.\[[@ref16]\]

A blood sample (2 ml) was drawn after an overnight fast of at least 10 h for serum glucose, total cholesterol, high-density lipoprotein (HDL)-cholesterol, and serum triglyceride estimation. Serum samples were kept at −20°C until analyzed using modular biochemistry analyzer using the protocol described by the manufacturer. The laboratory personnel was blinded to the group of the enrolled study participant.

Though there is a lack of a single universally acceptable definition of metabolic syndrome in children, we have used guidelines from International Diabetes Federation and American Heart Association to interpret our observations.\[[@ref17][@ref18]\] Abdominal obesity was defined as BMI ≥95^th^ percentile for age and gender or waist circumference ≥90^th^ percentile for age and gender; hypertension as systolic/diastolic blood pressure ≥95^th^ percentile adjusted for age, sex, and height; fasting glucose \>100 mg/dL was considered impaired, and high serum triglyceride was defined as \>90^th^ percentile for age.

Statistical analysis {#sec2-1}
--------------------

Descriptive statistics were used to report the baseline characteristics and various laboratory parameters. The continuous data were compared between the two groups using *t*-test for normal data and Rank-Sum test for the skewed data. The qualitative data were compared using Chi-square test or Fischer\'s exact test. *P* \< 0.05 was considered statistically significant. The analysis was done using StataCorp, 4905 Lakeway Drive, College Station, Texas 77845 USA which is a standard analytical software.

Results {#sec1-3}
=======

One hundred and seventeen children were screened for enrollment. Seven children were excluded as the parents refused consent. Thus, 110 children were subsequently analyzed; 57 children on valproate monotherapy (Group 1) and 53 on phenytoin monotherapy (Group 2). The baseline characteristics of the two groups are shown in [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of the study participants
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One in each group had BMI \>95^th^ centile. Five children on valproate monotherapy and one child on phenytoin monotherapy had waist circumference \>90^th^ centile (*P* = 0.21). None of the children was found to have hypertension in either group.

Children on valproate had significantly higher mean serum triglyceride (*P* \< 0.001) and total cholesterol (*P* = 0.002) levels as compared to children on phenytoin monotherapy \[[Table 2](#T2){ref-type="table"}\]. Fourteen patients (24.6%) on valproate had deranged serum triglycerides while only one child on phenytoin monotherapy showed elevated serum triglycerides. The mean serum HDL-cholesterol (*P* = 0.33) and fasting glucose (*P* = 0.42) were similar in the two groups.

###### 

Distribution of the laboratory parameters in the study participants in the two groups
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Discussion {#sec1-4}
==========

Rapidly changing dietary practices accompanied by an increasingly sedentary lifestyle predispose to nutrition-related noncommunicable diseases, including childhood obesity.\[[@ref19]\] Obesity is the important forerunner of insulin resistance and metabolic syndrome and their cardiovascular complications.\[[@ref20]\] The rates of atherogenic dyslipidemia, glucose intolerance, thrombotic tendency, subclinical inflammation, and endothelial dysfunction are higher in Asians. Many of these manifestations are more severe even at an early age in South Asians than white Caucasians. Metabolic and cardiovascular risks in South Asians are also heightened by their higher body fat, truncal subcutaneous fat, intra-abdominal fat, and ectopic fat deposition (liver fat, muscle fat, etc.). Further, cardiovascular risk cluster manifests at a lower level of adiposity and abdominal obesity.\[[@ref21]\] Hence, Indian children are likely to be vulnerable to any potential factor unfavorably affecting their metabolic status.

Over the last 5 years, reports from several developing countries indicate prevalence rates of obesity (inclusive of overweight) \>15% in children and adolescents aged 5-19 years; Mexico 41.8%, Brazil 22.1%, and India 22.0%. Childhood obesity tracks into adulthood, thus increasing the risk for conditions like the metabolic syndrome, type 2 diabetes mellitus, polycystic ovarian syndrome, hypertension, dyslipidemia, and coronary artery disease later in life.\[[@ref19]\] One among every 25 children in India satisfies the complete definition of metabolic syndrome.\[[@ref20]\] These facts prompted us to make an effort to clarify the status of commonly used agents like valproate and phenytoin with regard to their potential to adversely affect the metabolic status of children.

Although the effects of cytochrome-P450 enzyme-inducing antiepileptics such as phenobarbital and carbamazepine, on lipid levels have been well-studied and are consistent, the effect of valproic acid and phenytoin is still unclear. This cross-sectional study showed that children with epilepsy on long-term valproate monotherapy showed significantly higher mean serum cholesterol and triglyceride levels among Indian children.

The mechanisms responsible for the lipid abnormalities observed on valproate treatment remain unknown. The suggested mechanisms include valproate-induced hyperinsulinemia leading to insulin resistance\[[@ref22]\] and hyperleptinemia leading to leptin resistance.\[[@ref4][@ref23]\] Insulin and leptin act together to balance the food intake and energy expenditure. Insulin has a lipogenic effect. It stimulates fatty acid and triacylglycerol synthesis and suppresses fatty acid oxidation.\[[@ref24][@ref25]\] Leptin has a lipolytic effect. It antagonizes insulin action.\[[@ref26]\]

The results of previous studies exploring the effects of valproate on lipid metabolism are inconsistent. The studies have shown either increased,\[[@ref7]\] decreased,\[[@ref1][@ref2][@ref4][@ref5][@ref9]\] or no change\[[@ref3][@ref8][@ref27]\] in the levels of serum cholesterol or triglycerides in children on valproate monotherapy.

Our study showed significantly higher serum cholesterol and triglycerides in children on valproate monotherapy after a median of 36 months of treatment. The majority of the previous studies reported results after 12 months of valproate therapy. Verrotti *et al*.\[[@ref4]\] and Tekgul *et al*.\[[@ref9]\] reported lipid abnormalities after at least 2.5 years and 2 years, respectively. Both studies, however, showed lower serum cholesterol\[[@ref4]\] and triglycerides\[[@ref4][@ref9]\] at the end of the study periods. These results are conflicting with our results.

The development of metabolic syndrome has been described in adults on valproate monotherapy.\[[@ref28][@ref29]\] Obese patients treated with valproate may have a higher risk of developing metabolic syndrome.\[[@ref29]\] The definition of metabolic syndrome in children is still evolving. Verrotti *et al*.\[[@ref30]\] reported metabolic syndrome in 46.5% obese older children on valproate monotherapy.

There is a paucity of studies exploring the effects of phenytoin on lipid profiles in children. Dewan *et al*.\[[@ref11]\] reported higher total cholesterol in children on phenytoin when compared to valproate and controls.

The limitations of the cross-sectional study included small sample size, unavailability of the baseline lipid profiles and anthropometric parameters, lack of serial measurements, lack of measurement of other lipid components, insulin, parameters of insulin resistance and leptin, and absence of standard definitions for pediatric metabolic syndrome. There was also the unavailability of dietary habits of the enrolled children. However, this study showed higher levels of cholesterol and triglycerides in children on long-term valproate monotherapy and explored the prevalence of metabolic syndrome in this population. Better designed cohort studies are required to ascertain the lipid abnormalities seen in children on valproate or phenytoin, and the underlying mechanisms and the long-term cardiovascular risk imposed.

Thus, the lipid abnormalities may be encountered in children on valproate or phenytoin therapy. Periodic screening and counseling for lifestyle modifications may be warranted. Their use should be cautious in those with preexisting risk factors for metabolic syndrome such as family history, obesity, dyslipidemia, hypertension, or insulin resistance. Whenever used, the children should get periodic screening for cardio-metabolic risk factors. The protocol for initial and periodic screening for metabolic derangements in children on long-term valproate or phenytoin therapy is the area for further research proposed by our observations.
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